Introduction and History
Kawasaki disease (KD) or acute mucocutaneous lymph node syndrome is a systemic vasculitis with unknown origin and one of the causes of acquired heart disease in Asian children (1) . KD was first reported in 1967 by professor Tomisaku Kawasaki (2) . He described the clinical signs and symptoms of 50 Japanese children with acute mucocutaneous lymph node syndrome (2) . One year later, Yamamoto T, published the electrocardiogram abnormalities of KD patients (3) . Finally, Japanese physicians established the relationship between KD and coronary vasculitis in 1972 (4) . Since that time, KD has been described in many countries and mostly in Asia (5).
Etiology
The cause of Kawasaki disease still remains unknown. It is supposed that there is a stimulation of the immune system after an infection in a genetically predisposed person (6) . Although, no bacteria or virus has been consistently found yet, an infectious cause is highly suspected (7) . Some of the infectious agents proposed are Parvovirus (8) , Staphylococcus aureus (9) , Epstein-Barr virus (10) , Chlamydia (11) , and Mycobacteria (12) . The occurrence of this condition in young children further corroborates this hypothesis. Genetics may illuminate why the risk of KD in a child with a history of affected siblings or parents, is higher than in the all-purpose population (13, 14) . There is still significant disagreement about the mechanism of immune system that triggers in patients with KD.
Clinical Manifestations of KD
The diagnosis of KD is based on the clinical picture of the disease. At the moment, there is no specific test for diagnosis of KD. However, the diagnostic clinical criteria may help clinicians for diagnosis of KD (7) ( Table 1) . It is important to know that the diagnostic criteria are defined once other diseases with similar findings have been ruled-out (7 , 15) . Kawasaki disease has three stages: acute febrile, subacute, and convalescent. The acute febrile phase is characterized by fever. The fever in KD is hectic and is usually higher than 39 °C (102 °F) and is unresponsive to antipyretics and antibiotic therapy (15) . If a child with KD is untreated, his/her fever and illness typically lasts for 1 to 2 weeks. Conjunctivitis (non purulent and bulbar) (Figure 1 ), oropharyngeal changes (erythema, cracking, or fissuring of the lips, strawberry tongue, and non-exudative erythema of the oropharynx), and polymorphous rash (except bullous or vesicular eruption) are the most common clinical features of KD in its acute phase (7 , 15) . The perineal desquamation and peripheral extremity changes (erythema or edema of the palms or soles) occurs during the acute phase of KD (16) . Cervical lymphadenopathy is not common in KD. It is usually found as a unilateral, firm and non-fluctuant node with a diameter greater than 1.5 cm, during acute phase A r c h i v e o f S I D www.SID.ir of the disease. The cervical adenopathy needs to be considered in children who are not responding to antibiotic therapy (17) . When fever and other signs of acute phase start to vanish the subacute phase initiates. During this phase, the child is at the highest risk for sudden death because of coronary vasculitis in combination with significant thrombocytosis and hypercoagulable state. Around weeks 4 to 6 when all signs of illness have disappeared, the convalescent phase begins, and it remains until the acute phase reactants become normal. Deep transverse grooves across the nails (Beau's lines) within 1 to 2 months after the onset of fever have been described (18) (Figure 2 ). Erythema and induration at the previous site of BCG vaccine are commonly seen (19) . Arthralgia, arthritis (oligo or polyarticular), abdominal pain, vomiting, diarrhea, hepatitis, hydrops of the gallbladder, irritability, urethritis, aseptic meningitis, facial palsy, sterile pyuria and otitis media are some of the less common clinical findings in children with KD (20, 21) .
Cardiac abnormalities in the acute phase are as following: tachycardia out of quantity to the fever, decreased R-wave voltage, changes in the ST and T waves, and pro longed PR or QT intervals in electrocardiography, pericardial effusion, myocarditis, congestive heart failure, and mitral regurgitation (22, 23) .
Laboratory findings may include neutrophilia, anemia, thrombocytosis, elevated erythrocyte sedimentation rate, elevated serum transaminase levels, hypoalbuminemia, positive C-reactive protein test result and an elevated serum α1-antitrypsin level.
Laboratory Findings
Although, laboratory examinations in the acute phase of KD are nonspecific, however, in children who do not fulfill diagnostic criteria, these may support the diagnosis. Acute phase reactants [erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP)] are almost always increased. Increased leukocytosis (neutrophil dominant) is frequent (24, 25) . Thrombocytosis as a characteristic feature of KD usually occurs during the 2 weeks of the illness. Increased serum transaminase levels, hypoalbuminemia and sterile pyuria are common (24, 25) .
Thrombocytopenia is uncommon in KD, but it is considered as a risk factor for the development of aneurism. Also, leukopenia and thrombocytopenia can be seen in KD with hemophagocytic lymphohistiocytosis syndrome (macrophage activation syndrome) (26, 27) .
N-terminal pro-B-type natriuretic peptide (NT-proBNP) is a cardiovascular biomarker. It is associated with cardiomyocyte stress, markers of inflammation, oxidative stress, and echocardiographic measurements. Presence of NT-proBNP suggests diastolic dysfunction (28) . Some
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researchers propose that NT-proBNP may be an excellent biomarker for supporting the diagnosis of KD (29) . These investigators showed that NT-proBNP was increased in both patients with KD who fulfilled the criteria and those who did not, compared with febrile controls (29) . They suggested that NT-proBNP might be a valid adjunctive diagnostic test for patients with KD particularly those with incomplete diagnostic criteria.
Management
It is necessary for all patients who are suspected of having KD, to admit at hospital for more evaluation and appropriate treatment. Two-dimensional echocardiogram and ECG have to be performed for all admitted patients. The most common findings in echocardiography are as followings: myocarditis, pericarditis, valvulitis, valvular regurgitation, coronary artery abnormalities, aneurysms of medium-size noncoronary arteries, conduction system involvement, and Raynaud's phenomenon (23, 30, 31) . Coronary artery aneurysm is the main complication of KD, which develops in up to 25% of untreated children. This risk decreases with appropriate treatment to less than 5% (30, 31) . Myocardial infarction, ischemic heart disease and sudden death are the main problems of coronary artery abnormalities (CAA). Hence, treatment of KD patients after the acute phase of the disease is necessary.
Although coronary artery abnormalities (CAA) develop more commonly in the subacute phase, it has also been reported in the acute phase as early as 3 days from onset of disease (20) .
Patients with uncomplicated KD should go through an echocardiogram at time of diagnosis, at 2 weeks, and 8 weeks after disease onset (7, 30) . For patients with previously normal studies, repeated echocardiography should be performed optionally beyond 8 weeks. However, more frequent echocardiograms are required in those with CAA (7, 32) . Other arteries including the axillary, renal, and iliac arteries may also be involved in KD (33) .
The clinical and laboratory findings that are associated with an increased risk of CAA are as follows: prolonged fever, persistent fever after treatment, male gender, extremes of age, delay in diagnosis, thrombocytopenia, leukocytosis, bandemia, anemia, very increased or persistently increased in ESR or CRP, and hypoalbominemia (7, 25, 34).
Incomplete and Atypical KD
Patients who have a fever for at least five days but fewer than 4 clinical criteria are diagnosed as having incomplete KD (7). It is more common in infants, and those older than 9 years of age. Incomplete KD should not be judged as mild KD because the risk of CAA in these children is similar with classic KD (35) . The expression of atypical Kawasaki disease should be reserved for patients who have a problem, such as renal impairment or uveitis that are generally not seen in Kawasaki disease.
Infants younger than 6 months of age are more likely to have an incomplete presentation of KD because of poor laboratory profile and delay in diagnosis. Their response to treatment with intravenous immunoglobulin (IVIG) is late. Therefore, risk of CAA is higher in these infants (36) . An algorithm has been proposed by the American heart association (AHA) for incomplete KD in 2004. This algorithm uses the data of the clinical, laboratory, and echocardiographic features for diagnosis of KD in children with the incomplete disease. According to the AHA algorithm, a 6 month old infant or younger, who is on the seventh day of fever or greater, without an origin, should have laboratory tests looking for signs of inflammation. If systemic inflammation is discovered, with an increased CRP of 3 mg/dL or greater or ESR of 40 mm/h or greater, then an echocardiogram should be considered even if no clinical criteria are present. If abnormal findings are seen on echocardiogram, treatment of KD is suggested. In children older than 6 months of age with incomplete criteria, if their clinical characteristics are consistent with KD, an ESR and CRP are also advised. If no signs of inflammation are found, patients need to be reevaluated within 48 hours and the algorithm will be repeated. If there is evidence for inflammation, supplemental laboratory testing (low albumin level, anemia, increased alanine aminotransferase level, increased platelet count after the seventh day, increased white blood cell count, and pyuria) is suggested. If the patient fulfills at least 3 supplemental laboratory criteria, AHA suggests treatment for KD. If the patient has fewer than 3 supplemental laboratory criteria, an echocardiogram is advised. Then, if the echocardiogram is abnormal, treatment is suggested. However, if the echocardiogram was negative and fever persists, AHA suggests repeating an echocardiogram and consulting a KD expert (7) .
Clinical characteristics that would help exclude the diagnosis include, exudative conjunctivitis or pharyngitis, discrete intra-oral lesions, bullous or vesicular rash, and generalized lymphadenopathy.
Treatment
Treatment of KD in the acute phase focuses on reduction of coronary artery wall inflammation, inhibition of platelet activation, and prevention of arterial thrombosis. Chronic or long-term management is dependent on coronary artery changes and focuses on prevention of myocardial ischemia and infarction. The AHA recommends that all children suspected to have KD need to be treated with a single dose of 2 g/kg of intravenous immunoglobulin (IVIG) infused over 12 hours plus Aspirin at a dose of 80 to 100 mg/kg per day (anti inflammatory dose) in 4 divided doses. Treatment has to start within the first 10 days of illness. However, IVIG should also be given to patients who present after the 10th day of illness
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if fever is still continued, or aneurysms are observed with evidence of persistent inflammation. Once the child is afebrile for 48 to 72 hours, Aspirin may be switched to a low-dose (or antiplatelet dose), 3-5 mg/kg/day and will discontinue after 6 to 8 weeks when there is a normal echocardiogram. Nevertheless, the low-dose of Aspirin will continue if the echocardiogram shows CAA (7) ( Table 2 ). Hemoglobin should be watchfully monitored after IVIG retreatment ( 37) . Measles and varicella vaccinations should be deferred for 11 months after the patient has received a high-dose IVIG for KD (7) .
High-dose of Aspirin has been used for all the large IVIG trials conducted in the United States. However, the highdose of Aspirin is not used in Japan. Although high-dose of Aspirin has been shown to shorten the duration of fever compared with moderate-dose or low-dose of Aspirin, it is ambiguous if it has any effect on CAA (38). 
Treatment of Resistant KD
There is no advantage for treating patients with IVIG on day 4 or earlier, because this may result in IVIG retreatment (39) . KD patients persist with fever or redevelop fever beyond 48 hours after completion of IVIG; the recommendation is to administer a second dose of 2 g/kg of IVIG (7) .
It is well known that prolonged fever and refractory disease are risk factors for the development of CAA. Regardless of retreatment with IVIG, there are still approximately 3% to 4% who do not respond (40) . For these patients, corticosteroids may be considered. Because KD is a systemic vasculitis and corticosteroids are the treatment of choice for most vasculitides, it is sensible to consider corticosteroids for KD. A meta-analysis of corticosteroid therapy plus Aspirin showed encouraging results for its use (41) . Generally corticosteroids don't have any negative effect on KD and therefore it should be considered for treatment of children. Children with KD are often more irritable than children with other febrile illnesses.
Gastrointestinal complaints, including diarrhea, vomiting, and abdominal pain, occur in approximately one third of patients.
Arthritis or arthralgia developing after the 10th day of illness favors large weight-bearing joints.
Approximately 50% of patients have WBC > 15 000/mm 3 .
Mild to moderate elevations in serum transaminases occur in ≤ 40% of patients.
A moderately to markedly elevated CRP or ESR, which is almost universally seen in children with KD, is uncommon in viral infections.
Elevation of ESR (but not of CRP) can be caused by IVIG a therapy per se; therefore, ESR should not be used as the sole determinant of the degree of inflammatory activity in IVIG-treated patients.
Hypoalbuminemia is common and is associated with more severe and more prolonged acute disease.
Exudative conjunctivitis or pharyngitis, discrete intra-oral lesions, bullous or vesicular rash, and generalized lymphadenopathy are the clinical characteristics that would help exclude the diagnosis of KD.
Infants of 6 to 12 months are more prone to developing 'incomplete' Kawasaki disease and coronary artery aneurysms. 
Another Treatment Decision
Plasmapheresis has been used during the acute phase of KD. It should be performed at an early stage of disease (42) , but the risks of bleeding and exposure to blood products is high. Therefore it is not recommend any more. A platelet glycoprotein IIb/IIIa receptor inhibitor (Abciximab), was shown to be effective in patients with large aneurysms during the acute or subacute phases of KD (43) . Monoclonal antibodies directed against tumor necrosis factor-α, for example infliximab, have been considered in children who are resistant to IVIG therapy, however, their efficacy in decreasing the risk of coronary artery aneurysms is unproved (44, 45) .
Cytotoxic agents such as Cyclosporin A, Methotrexate, and Cyclophosphamide, in combination with steroids, have been suggested for patients with refractory disease (46) (47) (48) . However, for most patients, the risk of therapy needs to be evaluated before using these medications.
Long-term Management and Follow-up of KD
Periodic checkup and counseling for cardiovascular risk factors is recommended for all children who have Kawasaki disease. For children without coronary artery changes, 6 to 8 weeks follow up seems to be enough. However, children with CAA will require life-long pharmacological therapy and follow up (7) .
Five risk levels have been created by a consensus of experts and stratified for long-term management of children with Kawasaki disease (7). In risk level one there are no coronary artery changes. In risk level two, transient coronary artery ectasia or dilation occurs, however, these disappear within the first 6 to 8 weeks after the onset of the disease. In both risk levels one and two, no pharmacological therapy or diagnostic or invasive testing is required beyond the initial 6 to 8 weeks after the onset of the disease. An isolated small to medium coronary artery aneurysm is found in at least one coronary artery in risk level three. Therefore, long-term antiplatelet therapy with low-dose of Aspirin (3 to 5 mg/kg/day) should be recommended until the aneurysm regresses. An annual electrocardiogram (ECG) and echocardiograph is recommended for all children, along with a biennial stress test with myocardial perfusion imaging for children older than 10 years. Angiography should be performed if the noninvasive test suggests ischemia. In risk level four, at least one large coronary aneurysm is present, including giant aneurysms or any size coronary artery aneurysm that contains multiple or complex aneurysms without obstruction. In this level, long-term antiplatelet therapy plus low-dose Aspirin is required. For children with giant aneurysms, adjunctive Warfarin therapy with a target INR of 2 to 2.5 is recommended. Low molecular weight Heparin may be used as an alternative to Warfarin. Finally, children at risk level V have coronary artery obstruction. Long-term antiplatelet therapy with low-dose Aspirin with or without adjunctive Warfarin therapy is necessary for patients who have coronary artery obstruction. Using Beta-blockers (Propranolol 1 to 2 mg/kg/day) may be considered for these patients to reduce myocardial oxygen consumption. In both risk levels four and five, a biannual ECG and echocardiography, an annual stress test, are recommended for all patients. In addition, a cardiac catheterization with coronary angiography should be performed within 6 to 12 months after recovery from acute disease and repeated again if noninvasive tests or clinical or laboratory findings are suggestive of ischemia.
Conclusion
Management of children with KD especially in incomplete cases is still a challenging issue. It is important to use experience besides knowledge together to perform diagnosis. Recent biomarkers and genetic studies seem promising to help clinicians for earlier diagnosis, and treatment.
